Optimization of construction materials with laboratory data is a very possible way of minimizing waste of resources (materials and cost). There had been several successful attempts of optimization of construction materials. However, optimization in soil stabilization for road-work has been very rare because of its complexities. Compaction, California bearing ratio, unconfined compressive strength and durability tests were carried out on cement-stabilized soil. Constant cement contents of 2%, 4%, 6% and 8% with variations of bagasse ash from 0% to 20% at 2% intervals and all percentages used were by the weight of dry soil. The classical method was applied in this work to optimize the amount of bagasse ash content in cement-stabilized lateritic soil. Geometric models that govern the relationships of cost of bagasse ash content, cement content, optimum moisture content and strength characteristics of the stabilized-soil matrix were used to develop non-linear programming model. Then it was linearized and solved using the simplex method with sensitivity analysis. The optimal solution at the desired unconfined compressive strength and California bearing ratio for sub-base of road-work for bagasse ash content, cement content and optimum moisture content were found to be 14.03%, 4.52% and 22.46% respectively. Optimzation and the use of bagasse ash gave a cost benefit of 9.24% with a better mix. The classical optimization technique appears to be suitable in soil stabilization.
INTRODUCTION
Sugar-cane fiber obtained after squeezing out the sweet juice and when incinerated into ash yields bagasse ash. It has been found to be a good pozzolana globally and thus could serve as a supplement/partial replacement for cement in soil stabilization for lowcost roads [1, 2, 3, 4, 5 and so on]. The trade-off between cost effectiveness and the strength characteristics of the stabilized-soil matrix resulting from the partial replacement/supplement of cement with the bagasse ash for road work needs to be balanced. Because of limited resources, there is a need to be very conscious not to be wasteful. In other words, it would be beneficial to predict the optimum amount of bagasse ash required with a certain amount of cement in the stabilized-soil matrix to achieve the desired result with regards to the compaction and strength characteristics at minimum cost. Instead of going through a rigorous laboratory experiments with very many specimens in order to determine the optimum content of bagasse ash, geometric models developed could be used with relatively fewer laboratory observations to find an optimal solution. Previously attempts had been made on optimization techniques for construction materials. Orthogonal method was used to identify the main influencing factors in mix ratio on compressive strength of concrete Portland cement, fly ash [6] . It was based upon a set of tests relating composition and engineering properties of concrete that optimal mix ratios for compressive strength of both 7 and 28 days were achieved. The optimization technique most commonly used for construction materials was the Sheffe's optimization regression method in simplex design [7] . Scheffe's and Tukey's methods were compared and the later was preferred when only pair wise comparisons were of interest because it gives a narrower confidence level while in general case the first was preferred when many or all contrast might be of interest because it tends to give narrower confidence limit [8] . Researchers have widely used Scheffe's method in the past for optimization of construction materials. It was applied for the prediction of the compressive strength of aluminium waste-cement concrete and found that the compressive strength results predicted by the model conformed with the corresponding experimentally obtained values [9] . The method was also applied [10] to optimize the compressive strength of river stone aggregate concrete and the model was found to be adequate for predicting concrete mix ratios, when the desired compressive strength was known and vice versa. The method was used to optimize as well as predicting the compressive strength of recycled aggregate concrete which were in good agreement with their corresponding experimentally observed values [11] .The method was also used [12] for prediction and optimization of compressive strength of sawdust ash-cement concrete. The results of the response function compared favourably with the corresponding experimental results. The optimum compressive strength of concrete at 28 days was found to be 20N/mm 2 which corresponds to the mix ratio of 0.5: 0.95: 0.05: 2.25: 4 for water, cement, sawdust ash, sand and granites respectively. However the Scheffe's simplex design [7] has some disadvantages associated with it. It stipulates that materials involved in the mix must be in volume but in soil stabilization volume batching is not usually recommended because soils are prone to variations in volume with time as a result of consolidation of the soils with time caused by natural and applied forces. Another major disadvantage was its rigidity in application. This was because it involves predetermined points or mix ratios obtained from a simplex mix design which makes it not to be amenable to stabilized soils. It was difficult to predict results of stabilized soils prior to adequate laboratory experiments because soils have peculiarities of structure. It was pointed out that peculiarities of structure may play more important role in cement stabilization than Atterberg limits. For example lateritic soils with the same and similar plasticity index may have completely different behaviours at mixing operation [13] . Consequently, the classical optimization has edge over the Scheffe's simplex regression method because it can use as many points as possible in formulating equations while the later uses limited number of points in formulating the optimization model which was considered to be grossly inadequate to match the complexity of soil stabilization. Even if the degree of the polynomial is raised in order to increase the number of points required, the short-coming in the model could be more compounded. Attempt had been made to verify the accuracy of Scheffe's third degree over the second degree polynomials and the difference was not very significant [14] . The Scheffe's simplex regression method might be useful in optimization in concrete mix because concrete is mostly made of coarse materials which are almost inert in reaction with cement. However soil stabilization of this nature was more complex in that the minerals present in the soil and the bagasse ash were all involved in the reaction with cement because they were pozzolanic in nature. Another advantage of the classical optimization over the Scheffe's simplex regression method was that it can handle or consider all the properties involved at the same time to predict a more reliable optimum point unlike the later which can only handle one property at a time for formulating optimization models. Thus for roadwork that requires more than one property for judgment, the classical optimization would be preferable. Optimization is best achieved by the use of predictive models, thus, this work adopted geometric models developed from multiple regression on results obtained from the tests as shown in Tables 3 through  5which covered relationships between the constituents, compaction and strength characteristics of the stabilized-soil matrix [15] .Cost was attached to bagasse ash and presented in Table 1 It was incinerated into ash in a furnace with temperature of up to 500 0 C for about 2 hours after which it was allowed to cool and thoroughly ground. It was then sieved through 75m sieve as required by [16] . The test specimens were prepared by first thoroughly mixing dry quantities of pulverized soil with bagasse ash and Portland cement in a mixing tray to obtain a uniform mix. Constant cement contents of 2%, 4%, 6% and 8% with variations of bagasse ash from 0% to 20% at 2% intervals and all percentages used were by the weight of dry soil. The required amount of water which was determined from moisture-density relationships for stabilized-soil mixtures was then added to the mixture. The Standard Proctor mould was used for the compaction test in which 3 layers and 27 blows were given onto each layer with 2.5Kg rammer. The specimens from the Proctor mould were used as the unconfined compressive strength specimen and a correction factor of 1.04 was used on the results to conform to cylindrical specimens with a height/diameter ratio of 2:1or 150 mm cube specimens. The membrane curing and 7days curing period were used for the test specimens. The California Bearing Ratio was modified so as to conform to the recommendation of [17] which stipulates that the specimens should be cured for 6 days unsoaked, immersed in water for 24 hours and allowed to drain for 15 minutes before testing.
FORMULATION OF MODEL
Objective function was the function of which the optimal value (Maximum or minimum) is to be determined, subject to set of stated restrictions, or constraints placed on the variables concerned [18] . A non-linear programming model was developed where Equation (1) stood as the objective function because cost of bagasse ash content was the target function while Equations (2) and (3) with other single points form the constraints subject to the standards for stabilized materials for road-work. The established evaluation criterion for stabilized materials as California Bearing Ratio of 180% for laboratory mix [17] and conventionally, the minimum values of Unconfined Compressive Strength at 7 days for cement stabilized soils were 750-1500, 1500-3000, 3000-6000 KN/m 2 for sub-base, base (lightly trafficked roads) and base (heavily trafficked roads) respectively. In addition, this study would only be meaningful provided that the cement content required does exceed that which was just satisfactory for economic application.
Solution of Non-Linear Programming Model
It was evident that the models would be non-linear because the results were non-linear. The model was linearized and solved with the simplex method. The first step was to ensure that each constraint was written with a positive right-hand side constant term. Then the inequalities were all expressed as equations by the introduction of slack variables.
Example: a + bY N1 could be written as: a + bY + W1 = N1 c + dY N2 could be written as: c + dY + W2 = N2 where a,b,c and d were coefficients; and Y were the problem variables; N1 and N2 were numerical values; and W1 and W2 were positive (or zero) variables with unit coefficients, required to make up the left-hand side to the value of the right hand side constant term. The new variables, W1 and W2were regarded as slack variables. Subsequently, the simplex table (frame work) was formed as shown in Table 2 and the coefficients of the problem variables and of the slack variables in the constraints, together with the righthand side (RHS) numerical values in the column headed RHS. The Check column was included to ensure that the numerical calculations were correct for each row as the simplex operation took place. For each row, the sum of the entries in that row, including the RHS column were used to confirm the check column. It was always necessary that the columns of the slack variables form a unity matrix. The objective function was included in the bottom of table in a similar manner like the constraints and the row referred to as index row. In computing the simplex table, the following steps were taken: i. The key column was selected as the column containing the highest negative entry in the index row. ii. In each row, the values in the right-hand side column were divided by the corresponding positive entry in the key column; the row with the smallest ratio obtained became the key row while the number/entry at the intersection of the key column and key row became the key number or pivot number. iii. All the entries in the key row were divided by the pivot number to reduce the pivot entry to unity while the rest of the entries in the table remain unchanged. The new version of the key row referred to as main row. iv. The main row was used to operate on the remaining rows of the table including the index row to reduce the other entries in the key column to zero. It should be noted that the main row remains unaltered. The new value in any position in the other rows, including the right-hand side column and check column, were calculated as follows: New number = Old number -the product of the corresponding entries in the main row and key column. v. The new values in the check column were confirmed that they were all equal to the sums of the entries in the corresponding rows otherwise it was an indication that there was an error somewhere. vi. steps (i) to (v) were repeated until no negative entry remained in the index row.
Sensitivity Analysis
Sensitivity analysis would be very necessary to examine how dependable the linear programming model could be. These were performed by small adjustments of the right hand side of each of the constrained equations by -5%, -2.5%, +2.5% and +5% then allowing others to remain as they were. In each case the linear programming problem was solved to obtain the optimal solution in order to monitor the effects on it. In addition for purely local roads with very low volume of traffic, lower values of the combination of California bearing ratio and unconfined compressive strength that would be suitable but not necessarily the standard could be adopted or alternatively a lower cement content could be selected to determine the resultant optimal solution or bagasse ash content required.
PRESENTATION OF MODEL AND RESULTS
The optimum moisture content and strength characteristics were presented as follows in Tables 3  through 5 : The non-linear programming model was formed as discussed in Section 3.0 which was linearized and solved with Simplex method (Section 3.1). The results of solution were presented as follows: The * shows the pivot number Table 6 formed the first matrix of the Simplex iteration. The highest negative entry in the index line, ' (objective function) in the side of the problem variables was -5.71, thus, the right-hand side (RHS) line divided by each corresponding entry in the line of which the line 5'gave the least ratio. Therefore, -1.88 became the pivot number. Then all the entries in line 5' divided by the pivot number to reduce the pivot number to unity. In the exception of line 5', all the other entries were operated on by subtracting the product of the corresponding entries in lines 5' and for each entry from the old entries which gave new entries that resulted in the Simplex matrix in Table 7 . Thus 5' became equal to . In order to ensure accuracy, each of the entries in the 'check' line was confirmed to be equal to the sum of all the corresponding entries in the same line. Table 7 formed the first matrix of the Simplex iteration. The highest negative entry in the index line, (objective function) in the side of the problem variables was-4.043469, thus, the right-hand side (RHS) line divided by each corresponding entry in the line of whichthe line 8'gave the least ratio. Therefore, -4.043469 became the pivot number. Then all the entries in line 8' divided by the pivot number to reduce the pivot number to unity. In the exception of line 8',all the other entries were operated on by subtracting the product of the corresponding entries in lines 8' and for each entry from the old entries which gave new entries that resulted in the Simplex matrix in Table 8 . Thus 8' became equal to . In order to ensure accuracy, each of the entries in the 'check' line was confirmed to be equal to the sum of all the corresponding entries in the same line. Table 8 formed the second matrix of the Simplex iteration. The highest negative entry in the index line, (objective function) in the side of the problem variables was-0.414698, thus, the right-hand side (RHS) line divided by each corresponding entry in the line of which the line 4'gave the least ratio. Therefore, -0.414698 became the pivot number. Then all the entries in line 4' divided by the pivot number to reduce the pivot number to unity. In the exception of line 4',all the other entries were operated on by subtracting the product of the corresponding entries in lines 4' and for each entry from the old entries which gave new entries that resulted in the Simplex matrix in Table 9 . Thus 4' became equal to . In order to ensure accuracy, each of the entries in the 'check' line was confirmed to be equal to the sum of all the corresponding entries in the same line. Table 9 formed the third matrix of the Simplex iteration. There is no longer any negative entry in the index line, (objective function) in the side of the problem variables but 2', 6' and 7' in the 'basic' -line were needed to be replaced by any of , 1' or 3'because , 1' or 3' were not in that line in the first Simplex matrix (see Table 6 ) thus 1.64 was selected, the right-hand side (RHS) line divided by each corresponding entry in the line of which line 2'gave the least ratio. Therefore, .747became the pivot number. Then all the entries in line 2' divide by the pivot number to reduce the pivot number to unity. In the exception of line 2',all the other entries were operated on by subtracting the product of the corresponding entries in lines 2' and for each entry from the old entries which gave new entries that resulted in the Simplex matrix in Table 10 . Thus 2' became equal to . In order to ensure accuracy, each of the entries in the 'check' line was confirmed to be equal to the sum of all the corresponding entries in the same line. Table 10 formed the fourth matrix of the Simplex iteration. There is no longer any negative entry in the index line, (objective function) in the side of the problem variables. Infact, all the entries had been reduced to zero (0) but 6' and 7' in the 'basic' -line were needed to be replaced by any of 1' or 3'because 1' or 3' were not in that line in the first Simplex matrix (see Table 6 ). However 1'had no corresponding value (o) for 6' and 7' thus-0.673649 was selected for line 3', the right-hand side (RHS) line divided by each corresponding entry in line 3' of which line 6'gave the least ratio. Therefore, 1became the pivot number then the pivot number was already unity. In the exception of line 3',all the other entries were operated on by subtracting the product of the corresponding entries in lines 3' and 6' for each entry from the old entries which gave new entries that resulted in the Simplex matrix in Table 11 . Thus 3' became equal to 6' In order to ensure accuracy, each of the entries in the 'check' line was confirmed to be equal to the sum of all the corresponding entries in the same line. Table 11 formed the fifth matrix of the Simplex iteration. There is no longer any negative entry in the index line, (objective function) in the side of the problem variables. Infact, all the entries had been reduced to zero (0) but 7' in the 'basic' -line would be needed to be replaced by 1' because 1' was not in that line in the first Simplex matrix (see Table 6 ). However 1' had no corresponding value (o) for 6' and 7' thus, no further iteration could take place. In order to ensure accuracy, each of the entries in the 'check' line was confirmed to be equal to the sum of all the corresponding entries in the same line. The optimal values obtained after the first through the fifth iterations which were the entries in the right-hand side (RHS) line in Table 11 14.
% (see Table 1 , 2% bagasse ash = 0.8 kobo) Using Equation (4) ( . ) 4 . Kobo It was evident that the cost of the foregoing mix (43.52 kobo) for stabilizing 100grams of soil would be significantly more expensive than the cost of stabilizing with the optimal solution (39.50 kobo) about 9.24% gain in cost. In the long run when much weight of the soil would be required for road construction work, it had clearly shown the cost benefit of using bagasse ash as admixture. Besides, at 8% cement content with no bagasse ash, the California bearing ratio was 147.16% which fell short of the 180% California bearing ratio value as stipulated by the Nigeria General Specification of Road works and Bridges [17] though it had strength of 942 KN/m 2 but the optimal solution had satisfactory values for the evaluation criterions. 4.2 Results of Sensitivity Analysis on Constrained Equations Small changes of -2.5%, -5%, 0%, +2.5% and +5% in the right-hand side of the Constrained Equations were considered which were executed in the same way by formulation of the Simplex matrix after which the iterations were carried out as in Tables 6 through 11 and the results of the corresponding changes in optimal solution in percentages were presented in Table 12 . The optimal solution increased with small decrease in the right hand side of Constrained Equations 6 and 8 and vice versa while the optimal solution increased with small increments in the right hand side Constrained Equations 9 and 11 which implied that the four of them were sensitive with Constrained Equation 11 being the most sensitive. Constrained Equation 8 which was responsible for cement content could be very useful in adjusting the cement content whereas the other three could also be used in adjusting the strength characteristics as desired especially for purely local roads with very low volume of traffic which has lower strength requirements. There were virtually no changes in optimal solution with small changes in the right hand side of Constrained Equations 7 and 10 which were single point constraint Equations of California bearing ratio and optimum moisture content respectively implied that both appeared to be insensitive. However, it was still very necessary not to relax them because they were very relevant in ensuring that the linear programming model was solvable. Thus, the model contained four basic and two surplus variables which required at least six constrained equations to make it solvable.
CONCLUSIONS
After the optimization technique was carried out on the lateritic soil treated with cement and bagasse ash. The following conclusions were drawn:
i. The optimal values at the desired unconfined compressive strength and California bearing ratio for sub-base of road-work for bagasse ash content, cement content and optimum moisture content were 14.03%, 4.52% and 22.46% respectively. ii. The classical optimization technique appeared to be suitable in soil stabilization because it allowed for adjusting the constituents and the strength characteristics as desired. iii. Optimzation and the use of bagasse ash gave a cost benefit of 9.24% with a better mix ratio.
